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U.S. Patent 

Next Prefix 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

Output : Interval Table 

Sheet 24 of 140 

1. 10.0.0.0 : A 2. 10.10.0.0 : B 

3 . 

Smaller 

Stack ( Top ) 

10.11.0.0 : { A , B } 11.0.0.0:{-1 , A ) 

5 . 6 . 7 . 8 . 9 . 

255.255.255.255:{-1,-1 ) 

US 11,258,707 B1 

FIG . 80 



830 03 
Input : Soned route table 1 . 10.0.0.0/8 A 2 10.10.0.0/16 3 . 10.15.0.0/16 

4 . 11.10.0.0/16 D 5 . 11.11.0.0/16 E 6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 
10.15.0.0/8 : C 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

Output : Interval Table 

Sheet 25 of 140 

1. 10.0.0.0 : A 

2. 10.10.0.0:8 
3 . 

Smaller 

Stack ( Top ) 

10.11.0.0 : { A , B } 11.0.0.0 : ( - 1 , A 

5 . 6 . 7 . 8 . 9 . 
10 . 

255.255.255.255:(-1,-1 ) 

US 11,258,707 B1 

FIG . 8P 



832 $ 27 

Input : Sorted route table 1 . 10.0.0.0/8 A 
2 . 10.10.0.0/16 
3 . 10.15.0.0/16 : C 

4 . 11.10.0.0/16 5 11.11.0.0/16 
192.168.0.0/16 F 

U.S. Patent 

un c 

Next Prefix 
10.15.0.0/8 : C 

Floor ( Prefix ) 

Feb. 22 , 2022 

Ceiling ( Prefix ) +1 

10.15.0.0:c 

Qutput : Interval Table 

Sheet 26 of 140 

Smaller 

1. 10.0.0.0 : A 2. 10.10.0.0 : 8 

3 . 4 , 5 . 6 . 7 . 

Stack ( Top ) 

10.11.0.0 : { A , B ] 11.0.0.0:{-1 , A } 255.255.255.255:(-1,-1 ) 

9 . 

US 11,258,707 B1 

FIG . 8Q 



834 
} 
] 

Input : Sorted route table 1 . 10.0.0.0/8 A 
2 . 10.10.0.0/16 
3 . 10.15.0.0/16 C 
4 . 11.10.0.0/16 5 . 11.11.0.0/16 

6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 
10.15.0.0/8 : C 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

10.15.0.0.0 

10.16.0.0.0 

Output ; Interval Table 

Sheet 27 of 140 

1. 10.0.0.0 : A 

2. 10.10.0.0:8 
3 . 

Smaller 

Stack ( Top ) 

10.11.0.0 ; { A , B } 11.0.0.0:{-1 , A } 

5 . 6 . 7 . 8 . 9 . 

255.255.255.255,4-1 , -1 ) 

US 11,258,707 B1 

FIG , SR 



836 
3 

Input : Sorted route table 
1 . 10.0.0.0/8 2 . 10.10.0.0/16 

3 . 10.15.0.0/16 : c 

4 . 11.10.0.0/16 5 . 11.11.0.0/16 6 192.168.0.0/16 

U.S. Patent 

vo có 

Next Prefix 
10.15.0.0/8 : C 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

10.15.0.0 : 

10.16.0.0.0 

Output : Interval Table 

Sheet 28 of 140 

1. 10.0.0.0 : A 2. 10.10.0.0:8 
3 . 

? 

Stack ( Top ) 

. 

10.11.00 : { A , B } 

5 . 

11.0.0.0:{-1 , A } 

6 . 7 . 8 . 9 . 
10 . 

255.255.255.255:(-1,-1 ) 

US 11,258,707 B1 

FIG . 8S 



3 

Input : Sorted route table 
1 1 . 10.0.0.0/8 

2 . 10.10.0.0/16 B 
3 . 10.15.0.0/16 

11.10.0.0/16 : D 

5 . 11.11.0.0/16 
6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 
10.15.0.0/8 : C 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

10.15.0.0:c 

10.16.0.0 : C 

Output : Interval Table 

Sheet 29 of 140 

1. 10.0.0.0 : A 

2. 10.10.0.0:8 
3. 10.11.0.0 : A 

Smaller 

Stack ( Top ) 

11.0.0.0:{-1 , A } 

5 . 6 . 7 . 8 . 9 . 
10 . 

255.255.255.255,4-1 , -1 ) 

US 11,258,707 B1 

FIG . 8T 



0 ? 

Input : Soned route table 1 . 10.0.0.0/8 A 2 10.10.0.0/16 3 . 10.15.0.0/16 4 . 11.10.0.0/16 
5 . 11.11.0.0/16 : E 6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 
10.15.0.0/8 : C 

Feb. 22 , 2022 

Floor ( Prelix ) 

Ceiling ( Prefix ) +1 

10.15.0.0:0 . 

10.16.0.0.0 

Output : Interval Table 

Sheet 30 of 140 

1. 10.0.0.0 : A 

2. 10.10.0.0:8 
3. 10.11.0.0 : A 

Smaller 

Stack ( Top ) 

11.0.0.0:{-1 , A } 

5 . 6 . 7 . 8 . 9 . 

255.255.255.255,4-1 , -1 ) 

US 11,258,707 B1 

FIG . NU 



842 ? 

Input : Sorted route table 1 . 10.0.0.0/8 A 

2 

3 . 10.15.0.0/16 : C 

4 . 11.10.0.0/16 
5 . 11.11.0.0/16 E 6 . 192.168.0.0/16 : 

U.S. Patent 

Next Prefix 
10.15.0.0/8 : C 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

10.15.0.0.0 

10.16.0.0.0 

Output Interval Table 
1. 10.0.0.0:A 2. 10.10.0.0:8 

3. 10.11.0.0 : A 

Sheet 31 of 140 

? 

Stack ( Top ) 

11.0.0.0:{-1 , A } 

5 . 6 . 7 . 
8 
8 . 9 . 

255.255.255.255,4-1 , -1 ) 

US 11,258,707 B1 

FIG . 8V 



344 } 

Input : Sorted route table 
1 . 10.0.0.0/8 2 . 10.10.0.0/16 

3 . 10.15.0.0/16 : C 4 . 11.10.0.0/16 D 
5 . 11.11.0.0/16 : E 6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 
10.15.0.0/8 : C 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 
10.16.0.0:c 

Sheet 32 of 140 

Smaller 

Output : Interval Table 
1. 10.0.0.0 : A 2. 10.10.0.0:8 

3. 10.11.0.0 : A 
4. 10.15.0.0.0 
5 . 6 . 7 . 8 . 9 . 

10 . 

Stack ( Top ) 

11.0.0.0:{-1 , A } 255.255.255.255:{-1,-1 ) 

US 11,258,707 B1 

FIG . 8W 



846 
?? 

Input : Sorted route table 
1 1 . 10.0.0.018 2 10.10.0.0/16 3 . 10.15.0.0/16 

4 . 11.10.0.0/16 D 
5 . 11.11.0.0/16 
6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 
10.15.0.0/8 : C 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

Output : Interval Table 
1. 10.0.0.0 : A 2. 10.10.0.0:8 

3. 10.11.0.0 : A 
4. 10.15.0.0.C 
5 . 

Sheet 33 of 140 

Smaller 

Stack ( Top ) 

10.16.00 : { A , C ) 11.0.0.0:{-1 , A } 

7 . 8 . 9 . 

255.255.255.255:(-1,-1 ) 

US 11,258,707 B1 

FIG . 8X 



? 

Inout : Sorted route table 1 . 10.0.0.0/8 A 2 10.10.0.0/16 3 . 10.15.0.0/16 C 
4 . 11.10.0.0/16 5 . 11.11.0.0/16 

6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 

Feb. 22 , 2022 

Floor ( Prelix ) 

Ceiling ( Prefix ) +1 

Output : Interval Table 

Sheet 34 of 140 

Stack ( Top ) 

1. 10.0.0.0 : A 2. 10.10.0.0 : B 3. 10.11.0.0 : A 

4. 10.15.0.0.0 
5 . 6 . 7 . 8 . 

10.16.0.0 : { A , C } 

Smaller 

11.0.0.0:{-1 , A } 255.255.255.255:(-1,-1 ) 

y . 10 . 

US 11,258,707 B1 

FIG . 8Y 



3 

Input : Sorted route table 
1 1 . 10.0.0.0/8 2 . 10.10.0.0/16 

3 . 10.15.0.0/16 : C 

4 . 11.10.0.0/16 
5 . 11.11.0.0/16 : E 6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 

11.10.0.0/16:D 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

Sheet 35 of 140 

Stack ( Top ) 

Output : Interval Table 
1. 10.0.0.0 : A 2. 10.10.0.0:8 

3. 10.11.0.0 : A 
4. 10.15.0.0.0 
5 . 6 . 7 . 8 . 9 . 

10 . 

10.16.00 : { A , C ) 

Smaller 

11.0.0.0:{-1 , A } 255.255.255.255:(-1,-1 ) 

US 11,258,707 B1 

FIG , SZ 



852 

U.S. Patent 

Inout : Sorted route table 1 . 10.0.0.0/8 A 2 10.10.0.0/16 3 . 10.15.0.0/16 C 
4 . 11.10.0.0/16 
5 11.11.0.0/16 E 6 . 192.168.0.0/16 F 

? ? ? ? ? 

Next Prefix 

11.10.0.0/16:D 

Feb. 22 , 2022 

Floor ( Prelix ) 

Ceiling ( Prefix ) +1 

11.10.0.0 : D 

Output : Interval Table 

Sheet 36 of 140 

Stack ( Top ) 

1. 10.0.0.0 : A 2. 10.10.0.0 : B 3. 10.11.0.0 : A 

4. 10.15.0.0:0 
5 . 6 . 7 . 8 . 

10.16.0.0 : { A , C } 

Smaller 

11.0.0.0:{-1 , A } 255.255.255.255:(-1,-1 ) 

y . 10 . 

US 11,258,707 B1 

FIG . SAA 



854 
} ?? 

Input : Sorted route table 
1 . 10.0.0.0/8 
2 . 10.10.0.0/16 8 
3 . 10.15.0.0/16 4 . 11.10.0.0/16 5 11.11.0.0/16 

6 192.168.0.0/16 F 

U.S. Patent 

vo có 

Next Prefix 

11.10.0.0/16:D 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

11.10.0.0:0 

11.11.0.0 : D 

Sheet 37 of 140 

Stack ( Top ) 

Output : Interval Table 
1. 10.0.0.0 : A 2. 10.10.0.0:8 

3. 10.11.0.0 : A 4. 10.15.0.0 : 
5 . 6 . 7 . 8 . 9 . 

10 . 

10.16.0.0 : { A , C ) 

Smaller 

11.0.0.0:{-1 , A } 255.255.255.255:(-1,-1 ) 

US 11,258,707 B1 

FIG , 8AB 



. 

Input : Sorted route table 
1 . 10.0.0.0/8 2 10.10.0.0/16 3 . 10.15.0.0/16 C 

4 . 11.10.0.0/16 5 . 11.11.0.0/16 
6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 

11.10.0.0/16:D 

Feb. 22 , 2022 

Floor Prefix ) 

Ceiling ( Prefix ) +1 

11.10.0.0.0 

11.11.0.0:D 

Output : Interval Table 
1. 10.0.0.0 : A 2. 10.10.0.0:B 

3. 10.11.0.0 : A 4. 10.15.0.0 : 
5 . 

Sheet 38 of 140 

Stack ( Top ) 

10.16.0.0 ; { A , C ) 

? 

11.0.0.0:{-1 , A } 

7 . 8 . 9 . 
10 . 

255.255.255.255:(-1,-1 ) 

US 11,258,707 B1 

FIG . SAC 



3 

Input : Sorted route table 
1 . 10.0.0.0/8 2 . 10.10.0.0/16 3 . 10.15.0.0/16 

4 . 11.10.0.0/16 : D 

5 11.11.0.0/16 
6 192.168.0.0/16 F 

U.S. Patent 

vo có 

Next Prefix 

11.10.0.0/16:D 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

11.10.0.0:0 

11.11.0.0 : D 

Sheet 39 of 140 

Output : Interval Table 
1. 10.0.0.0 : A 

2. 10.10.0.0:8 
3. 10.11.0.0 : A 

4. 10.15.0.0.0 5. 10.16.0.0:A 
6 . 7 . 8 . 9 . 

10 . 

Smaller 

Stack ( Top ) 

11.0.0.0:{-1 , A } 255.255.255.255:(-1,-1 ) 

US 11,258,707 B1 

FIG . 8AD 



860 
} 

Input : Sorted route table 1 . 10.0.0.0/8 A 
2 . 10.10.0.0/16 
3 . 10.15.0.0/16 C 
4 . 11.10.0.0/16 : D * 

5 . 11.11.0.0/16 
6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 

11.10.0.0/16:D 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

11.10.0.0 : D 

11.11.0.0 : D 

Output : Interval Table 

Sheet 40 of 140 

1. 10.0.0.0 : A 2. 10.10.0.0 : B 3. 10.11.0.0 : A 

4. 10.15.0.0:C 
5. 10.16.0.0 : A 

6 . 7 . 8 . 9 . 

Stack ( TOP ) 

Smaller 

11.0.0.0:{-1 , A ) 255.255.255.255:(-1,-1 ) 

10 . 

US 11,258,707 B1 

FIG . 8AE 



3 

Input : Sorted route table 
1 . 10.0.0.0/8 

A 

2 10.10.0.0/16 3 . 10.15.0.0/16 4 . 11.10.0.0/16 5 . 11.11.0.0/16 
6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 

11.10.0.0/16:D 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

11.10.0.0 , 

11.11.0.0 : D 

Output : Interval Table 

Sheet 41 of 140 

1. 10.0.0.0 : A 2. 10.10.0.0 : B 3. 10.11.0.0 : A 4.10.15.0.0 : C 5. 10.16.0.0 : A 

6 . 7 . 8 , 9 . 

Stack ( Top ) 

? 

11.0.0.0:{-1 , A } 255.255.255.255,4-1 , -1 } 

US 11,258,707 B1 

FIG . SAF 



3 

Inout : Sorted route table 1 . 10.0.0.0/8 A 2 10.10.0.0/16 3 . 10.15.0.0/16 

4 . 11.10.0.0/16 : D * 

5 . 11.11.0.0/16 
6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 

11.10.0.0/16:D 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

11.10.0.0.0 

11.11.0.0:D 

Output : Interval Table 

Sheet 42 of 140 

1. 10.0.0.0 : A 2. 10.10.0.0:B 
3. 10.11.0.0 : A 4.10.15.0.0 : 5. 10.16.0.0 : A 

6. 11.0.0.0: 

Smaller 

Stack ( Top ) 

255.255.255.255,4-1 , -1 ) 

8 . 9 . 10 . 

US 11,258,707 B1 

FIG . SAG 



3 

Input : Sorted route table 
1 . 10.0.0.0/8 
2 . 10.10.0.0/16 B 
3 . 10.15.0.0/16 

11.10.0.0/16 : D 

5 . 11.11.0.0/16 
6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 

11.10.0.0/16:D 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

11.10.0.0:1 

11.11.0.0 : D 

Output : Interval Table 

Sheet 43 of 140 

1. 10.0.0.0 : A 2. 10.10.0.0:8 
3. 10.11.0.0 : A 

4. 10.15.0.0.0 
5. 10.16.0.0 : A 6. 11.0.0.0 : -1 

7 . 8 . 8 . 9 . 
10 . 

Smaller 

Stack ( Top ) 

255.255.255.255:4-1,-1 ) 

US 11,258,707 B1 

FIG . SAH 



3 
Input : Sorted route table 

1 1 . 10.0.0.0/8 2 . 10.10.0.0/16 
3 . 10.15.0.0/16 C 
4 . 11.10.0.0/16 5 . 11.11.0.0/16 

6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 

11.10.0.0/16:D 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

11.10.0.0 : D 

11.11.0.0:D 

Output : Interval Table 

Sheet 44 of 140 

1. 10.0.0.0 : A 

2. 10.10.0.0:8 
3. 10.11.0.0 : A 

4. 10.15.0.0.0 
5. 10.16.0.0 : A 

6. 11.0.0.0:-1 
7 . 8 . 9 . 

? 

Stack ( Top ) 

255.255.255.255:{-1,-1 ) 

US 11,258,707 B1 

FIG . 8AI 



3 

Input : Sorted route table 
1 1 . 10.0.0.0/8 2 . 10.10.0.0/16 3 . 10.15.0.0/16 

4 . 11.10.0.0/16 : D 

5 . 11.11.0.0/16 
6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 
11.10.0.0/16 : D 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 
11.11.0.0:D 

Output : Interval Table 

Sheet 45 of 140 

1. 10.0.0.0 : A 

2. 10.10.0.0:8 
3. 10.11.0.0 : A 

4. 10.15.0.0:C 
5. 10.16.0.0 : A 

6. 11.0.0.0:-1 7. 11.10.0.0:D 
8 , 9 . 

Smaller 

Stack ( Top ) 

255.255.255.255,4-1 , -1 ) 

US 11,258,707 B1 

FIG . SAJ 



870 03 
Inout : Sorted route table 1 . 10.0.0.0/8 A 2 10.10.0.0/16 3 . 10.15.0.0/16 C 

4 . 11.10.0.0/16 : D 5 . 11.11.0.0/16 : E 6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 

11.10.0.0/16:D 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

Output : Interval Table 

Sheet 46 of 140 

1. 10.0.0.0 : A 2. 10.10.0.0:8 
3. 10.11.0.0 : A 4. 10.15.0.0 : C 5. 10.16.0.0 : A 

6. 11.0.0.0:-1 7. 11.10.0.0:D 
8 . 9 . 10 . 

Stack ( Top ) 

11.11.0.0 : 1-1 . D } 

Smaller 

255.255.255.255,4-1 , -1 } 

US 11,258,707 B1 

FIG . SAK 



871 
3 

Input : Sorted route table 1 . 10.0.0.0/8 A 
2 . 10.10.0.0/16 
3 . 10.15.0.0/16 : C 

4 . 11.10.0.0/16 
5 . 11.11.0.0/16 E. 6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

Sheet 47 of 140 

Output : Interval Table 
1. 10.0.0.0 : A 

2. 10.10.0.0:8 
3. 10.11.0.0 : A 4. 10.15.0.0 : C 

5. 10.16.0.0:A 6. 11.0.0.0 : -1 7. 11.10.0.0:D 
8 . 9 . 

Stack ( Top ) 

11.11.0.0:{-1 , D } 

Smaller 

255.255.255.255:(-1,-1 ) 

US 11,258,707 B1 

FIG . SAL 



?? 
Input : Soned route table 1 . 10.0.0.0/8 A 2 10.10.0.0/16 E 3 . 10.15.0.0/16 C 

4 . 11.10.0.0/16 5 . 11.11.0.0/16 
6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 
11.11.0.0/16 : E 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

Output : Interval Table 

Sheet 48 of 140 

1. 10.0.0.0 : A 

2. 10.10.0.0:8 
3. 10.11.0.0 : A 

4. 10.15.0.0:c 
5. 10.16.0.0 : A 6. 11.0.0.0 : -1 7. 11.10.0.0:D 

8 . 

Stack ( Top ) 

11.11.0.0:{-1 , D } 

Smaller 

255.255.255.255,4-1 , -1 ) 

US 11,258,707 B1 

FIG . 8AM 



3 

Input : Sorted route table 
1 . 10.0.0.0/8 2 . 10.10.0.0/16 

3 . 10.15.0.0/16 0 
4 . 11.10.0.0/16 : D 

5 . 11.11.0.0/16 
6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 
11.11.0.0/16 : E 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

11.11.0.0 : E 

Sheet 49 of 140 

Output : Interval Table 
1. 10.0.0.0 : A 

2. 10.10.0.0:8 
3. 10.11.0.0 : A 4. 10.15.0.0 : 5. 10.16.0.0 : A 6. 11.0.0.0 : -1 7. 11.10.0.0 : D 

8 , 9 . 

Stack ( Top ) 

11.11.0.0:{-1 . D } 

Smaller 

255.255.255.255:{-1,-1 ) 

US 11,258,707 B1 

FIG . 8AN 



" ? 

Input : Sorted route table 
1 1 . 10.0.0.0/8 A 

2 10.10.0.0/16 : B 
3 . 10.15.0.0/16 C 11.10.0.0/16 

5 . 11.11.0.0/16 
6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 
11.11.0.0/16 : E 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

Output : Interval Table 

Sheet 50 of 140 

1. 10.0.0.0 : A 2. 10.10.0.0:8 
3. 10.11.0.0 : A 4. 10.15.0.0 : 5. 10.16.0.0:A 6. 11.0.0.0 : -1 7. 11.10.0.0:D 

Stack ( Top ) 

11.11.0.0:{-1 . D } 

Smaller 

255.255.255.255,4-1 , -1 ) 

9 . 

US 11,258,707 B1 

FIG . 8AO 



** ] ?? 
Input : Sorted route table 
1 . 10.0.0.0/8 A 2 10.10.0.0/16 3 . 10.15.0.0/16 C 

4 . 11.10.0.0/16 5 . 11.11.0.0/16 
6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 
11.11.0.0/16 : E 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

11.11.0.0 : E 

11.12.0.0 : E 

Output : Interval Table 

Sheet 51 of 140 

1. 10.0.0.0 : A 2. 10.10.0.0 : B 3. 10.11.0.0 : A 
4. 10.15.0.0:C 

5. 10.16.0.0 : A 
6. 11.0.0.0:-1 

7. 11.10.0.0 : D 

8 , 9 . 

Stack ( Top ) 

11.11.0.0 : 4-1 . D } 

Smaller 

255.255.255.255,4-1 , -1 ) 

US 11,258,707 B1 

FIG . SAP 



876 

Input : Sorted route table 
1 . 10.0.0.0/8 A 
2 . 10.10.0.0/16 : B 

3 . 10.15.0.0/16 4 . 11.10.0.0/16 
5 . 

6 . 192.168.0.0/16 F 

U.S. Patent 

1 

Next Prefix 
11.11.0.0/16 : E 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

11.11.0.0 : E 

11.12.0.0 : 

Output : Interval Table 

Sheet 52 of 140 

1. 10.0.0.0 : A 

2. 10.10.0.0:8 
3. 10.110.0 : A 4. 10.15.0.0 : C 5. 10.16.0.0 : A 6. 11.0.0.0 : -1 7. 11.10.0.0:D 

8 . 9 . 

Stack ( Top ) 

11.11.0.0:{-1,D ) 

? 

255.255.255.255:(-1,-1 ) 

US 11,258,707 B1 

FIG . 8AQ 



' " ] 

Input : Sorted route table 
1 . 10.0.0.0/8 A 2 10.10.0.0/16 3 . 10.15.0.0/16 C 

4 . 11.10.0.0/16 5 . 11.11.0.0/16 
6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 
11.11.0.0/16 : E 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

11.11.0.0 : E 

11.12.0.0 : E 

Output : Interval Table 

Sheet 53 of 140 

1. 10.0.0.0 : A 
2. 10.10.0.0:8 

3. 10.11.0.0 : A 4.10.15.0.0 : C 5. 10.16.0.0 : A 

6. 11.0.0.0:-1 7. 11.10.0.0:D 
8 . 9 . 

Stack ( Top ) 

Smaller 

255.255.255.255,4-1 , -1 } 

US 11,258,707 B1 

FIG . SAR 



878 
$ ? 

Input : Sorted route table 
1 . 10.0.0.0/8 
2 . 10.10.0.0/16 8 3 . 10.15.0.0/16 C 

4 . 11.10.0.0/16 5 . 11.11.0.0/16 
6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 
11.11.0.0/16 : E 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

11.11.0.0 : E 

11.12.0.0 : E 

Sheet 54 of 140 

3 

Qutput : Interval Table 
1. 10.0.0.0 : A 

2. 10.10.0.0:8 
3. 10.11.0.0 : A 4. 10.15.0.0 : C 

5. 10.16.0.0:A 6. 11.0.0.0:-1 7. 11.10.0.0:D 
8 . y . 

Stack ( Top ) 

? 

255.255.255.255,4-1 , -1 } 

US 11,258,707 B1 

FIG . SAS 



1997 
Input : Sorted route table 

1 1 . 10.0.0.018 

2 10.10.0.0/16 : B 
3 . 10.15.0.0/16 C 11.10.0.0/16 

5 . 11.11.0.0/16 
6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 
11.11.0.0/16 : E 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

11.12.0.0 : E 

Sheet 55 of 140 

Output : Interval Table 
1. 10.0.0.0 : A 

2. 10.10.0.0:8 
3. 10.11.0.0 : A 

4. 10.15.0.0.0 
5. 10.16.0.0 : A 6. 11.0.0.0 : -1 7. 11.10.0.0:D 

8. 11.11.0.0 : E 

9 . 

Stack ( Top ) 

Smaller 

255.255.255.255:4-1,-1 ) 

US 11,258,707 B1 

FIG . SAT 



880 
?? 

Input : Sorted route table 
1 . 10.0.0.0/8 
2 . 10.10.0.0/16 8 3 . 10.15.0.0/16 C 

4 . 11.10.0.0/16 : D 

5 . 11.11.0.0/16 
6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 
11.11.0.0/16 : E 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

Sheet 56 of 140 

Output : Interval Table 
1. 10.0.0.0 : A 2. 10.10.0.0:8 

3. 10.11.0.0 : A 4. 10.15.0.0 : 5. 10.16.0.0:A 6. 11.0.0.0 : -1 7. 11.10.0.0:D 
8. 11.11.0.0 : E 

9 . 

Stack ( Top ) 

11.12.0.0 : -1 , E ) 

Smaller 

255.255.255.255:(-1,-1 ) 

US 11,258,707 B1 

FIG , SAU 



882 
3 

Input : Sorted route table 
1 . 10.0.0.0/8 A 2 10.10.0.0/16 3 . 10.15.0.0/16 C 

4 . 11.10.0.0/16 : D 5 . 11.11.0.0/16 : E 6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

Sheet 57 of 140 

Output : Interval Table 
1. 10.0.0.0 : A 2. 10.10.0.0:B 

3. 10.11.0.0 : A 4.10.15.0.0 : C 5. 10.16.0.0 : A 6. 11.0.0.0 : -1 7. 11.10.0.0:D 
8. 11.11.0.0 : E 

Stack ( Top ) 

11.12.0.0 : -1,5 } 255.255.255.255:-1,-1 ) 

Smaller 

10 . 

US 11,258,707 B1 

FIG , SAV 



884 
} 

Input : Sorted route table 
1 . 10.0.0.0/8 2 10.10.0.0/16 3 . 10.15.0.0/16 C 

4 . 11.10.0.0/16 : D 

5 . 11.11.0.0/16 
6 . 192.168.0.0/16 Fe 

U.S. Patent 

Next Prefix 
192.168.0.0/16 : 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

Output : Interval Table 

Sheet 58 of 140 

1. 10.0.0.0 : A 

2. 10.10.0.0:8 
3. 10.11.0.0 : A 4. 10.15.0.0 : 5. 10.16.0.0 : A 6. 11.0.0.0 : -1 7. 11.10.0.0:D 8 , 11.11.0.0 : E 

y . 10 . 

Stack ( Top ) 

11.12.0.0 : -1 , E } 255.255.255.255:{-1,-1 ) 

Smaller 

US 11,258,707 B1 

FIG , SAW 



885 53 
Input : Sorted route table 

1 . 10.0.0.0/8 
2 . 10.10.0.0/16 8 
3 . 10.15.0.0/16 4 . 11.10.0.0/16 5 11.11.0.0/16 

6 192.168.0.0/16 F 

U.S. Patent 

vo có 

Next Prefix 
192.168.0.0/16 : 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

192.168.0.0 : 

Output : Interval Table 

Sheet 59 of 140 

1. 10.0.0.0 : A 2. 10.10.0.0:8 
3. 10.11.0.0 : A 4. 10.15.0.0 : 5. 10.16.0.0:A 6. 11.0.0.0:-1 7. 11.10.0.0:D 

8. 11.11.0.0 : E 

9 . 10 . 

Stack ( Top ) 

11.12.0.0 : -1 , E } 255.255.255.255:(-1,-1 ) 

Smaller 

US 11,258,707 B1 

FIG . SAX 



886 
} } 

Input : Soned route table 1 . 10.0.0.0/8 A 
2 . 10.10.0.0/16 
3 . 10.15.0.0/16 C 
4 . 11.10.0.0/16 : D 

5 . 11.11.0.0/16 
6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 
192.168.0.0/16 : 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

192.168.0.0 : 

192.169.0.0 : ECO 

Sheet 60 of 140 

Output : Interval Table 
1. 10.0.0.0 : A 

2. 10.10.0.0:8 
3. 10.11.0.0 : A 4.10.15.0.0 : C 5. 10.16.0.0 : A 

6. 11.0.0.0:-1 7. 11.10.0.0:D 
8. 11.11.0.0 : E 

9 . 

Stack ( Top 

11.12.0.0 : -1 , E } 255.255.255.255:(-1,-1 ) 

Smaller 

US 11,258,707 B1 

FIG . SAY 



887 
} ? 

Input : Sorted route table 1 . 10.0.0.0/8 A 
2 . 10.10.0.0/16 
3 . 10.15.0.0/16 C 
4 . 11.10.0.0/16 : D 

5 . 11.11.0.0/16 
6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 192.168.0.0/16 : F 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

192.168.0.0 : F 

192.169.0.0 : F 

Output : Interval Table 

Sheet 61 of 140 

1. 10.0.0.0 : A 

2. 10.10.0.0:8 
3. 10.11.0.0 : A 

4. 10.15.0.0.0 
5. 10.16.0.0 : A 

6. 11.0.0.0:-1 7. 11.10.0.0:D 
8. 11.11.0.0 : E 

9 . 

Stack ( Top ) 

11.12.0.0 : -1 , E ) 255.255.255.255:(-1,-1 ) 

? 

10 . 

US 11,258,707 B1 

FIG . 8AZ 



888 
3 

Input : Soned route table 1 . 10.0.0.0/8 A 2 10.10.0.0/16 
3 . 10.15.0.0/16 : C 4 . 11.10.0.0/16 : D 

5 . 11.11.0.0/16 
6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 192.168.0.0/16 : F 

Feb. 22 , 2022 

Floor ( Prehx ) 

Ceiling ( Prefix ) +1 

192.168.0.0 : 

192.169.0.0:F 

Sheet 62 of 140 

Output : Interval Table 
1. 10.0.0.0 : A 

2. 10.10.0.0:8 
3. 10.11.0.0 : A 

4. 10.15.0.0:0 5. 10.16.0.0:A 6. 11.0.0.0 : -1 7. 11.10.0.0:D 
8. 11.11.0.0 : E 9. 11.12.0.0 : -1 

10 . 

Stack ( Top ) 

255.255.255.255:(-1,-1 ) 

Smaller 

US 11,258,707 B1 

FIG . 8BA 



889 
3 

Input : Sorted route table 
1 1 . 10.0.0.0/8 

2 . 10.10.0.0/16 : B 
3 . 10.15.0.0/16 C 
4 . 11.10.0.0/16 : D 

5 . 11.11.0.0/16 
6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 
192.168.0.0/16 : 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

192.168.0.0 : F 

192.169.0.0 : F 

Sheet 63 of 140 

Output : Interval Table 
1. 10.0.0.0 : A 2. 10.10.0.0:8 

3. 10.11.0.0 : A 4. 10.15.0.0 : 5. 10.16.0.0 : A 6. 11.0.0.0 : -1 7. 11.10.0.0:D 
8. 11.11.0.0 : E 9. 11.12.0.0 : -1 

Stack ( Top ) 

255.255.255.255:(-1,-1 ) 

Smaller 

US 11,258,707 B1 

FIG . 8BB 



** ? 

Inout : Sorted route table 
1 1 . 10.0.0.0/8 2 . 10.10.0.0/16 

3 . 10.15.0.0/16 C 
4 . 11.10.0.0/16 : D 

5 . 11.11.0.0/16 
6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 
192.168.0.0/16 : 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

192.168.0.0 : 

192.169.0.0:F 

Output : Interval Table 

Sheet 64 of 140 

1. 10.0.0.0 : A 
2. 10.10.0.0:8 

3. 10.11.0.0 : A 4. 10.15.0.0 : 5. 10.16.0.0:A 6. 11.0.0.0:-1 7. 11.10.0.0:D 
8. 11.11.0.0 : E 9. 11.12.0.0 : -1 

Stack ( Top ) 

255.255.255.255:(-1,-1 ) 

? 

US 11,258,707 B1 

FIG . 8BC 



3 " ? 

Input : Sorted route table 
1 1 . 10.0.0.0/8 2 10.10.0.0/16 3 . 10.15.0.0/16 C 

4 . 11.10.0.0/16 : D 

5 . 11.11.0.0/16 
6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 
192.168.0.0/16 : 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 
192.169.0.0F 

Sheet 65 of 140 

Output : Interval Table 
1. 10.0.0.0 : A 2. 10.10.0.0 : B 3. 10.11.0.0 : A 

4. 10.15.0.0.0 
5. 10.16.0.0 : A 6. 11.0.0.0 : -1 7. 11.10.0.0:D 

8. 11.11.0.0 : E 9. 11.12.0.0 : -1 10. 192.168.0.0 : F 

Stack ( Top ) 

? 

255.255.255.255:(-1,-1 ) 

Smaller 

US 11,258,707 B1 

FIG . 8BD 



892 
3 

Input : Sorted route table 

1 1 . 10.0.0.0/8 2 . 10.10.0.0/16 
3 . 10.15.0.0/16 C 

11.10.0.0/16 : D 

5 . 11.11.0.0/16 
6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 
192.168.0.0/16 : 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

Output : Interval Table 

Sheet 66 of 140 

1. 10.0.0.0 : A 2. 10.10.0.0:8 
3. 10.11.0.0 : A 

4. 10.15.0.0:c 5. 10.16.0.0:A 6. 11.0.0.0 : -1 7. 11.10.0.0:D 
8. 11.11.0.0 : E 9. 11.12.0.0 : -1 10. 192.168.0.0 : F 

Stack ( Top ) 

192.169.0.0:{-1,F } 255.255.255.255:{-1,-1 ) 

Smaller 

US 11,258,707 B1 

FIG . 8BE 



3 ** ? 

Input : Sorted route table 
1 1 . 10.0.0.0/8 A 
2 . 10.10.0.0/16 
3 . 10.15.0.0/16 C 11.10.0.0/16 

5 . 11.11.0.0/16 
6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

Sheet 67 of 140 

Output : Interval Table 
1. 10.0.0.0 : A 

2. 10.10.0.0:8 
3. 10.11.0.0 : A 

4. 10.15.0.0:C 
5. 10.16.0.0 : A 

6. 11.0.0.0:-1 7. 11.10.0.0:D 
8. 11.11.0.0 : E 

9. 11.12.0.0:1 
10. 192.168.0.0 : For 

11 . 

Stack ( Top ) 

192.169.00 : { - 1 , F } 255.255.255.255,4-1 , -1 ) 

US 11,258,707 B1 

Smaller 

FIG . 8BF 



894 
3 

Input : Sorted route table 

1 1 . 10.0.0.0/8 2 . 10.10.0.0/16 
3 . 10.15.0.0/16 C 

11.10.0.0/16 : D 

5 . 11.11.0.0/16 
6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 
DONE 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

Sheet 68 of 140 

Output : Interval Table 
1. 10.0.0.0 : A 

2. 10.10.0.0:8 
3. 10.11.0.0 : A 

4. 10.15.0.0:c 
5. 10.16.0.0 : A 

6. 11.0.0.0:-1 7. 11.10.0.0:D 
8. 11.11.0.0 : E 

9. 11.12.0.0:-1 
10. 192.168.0.0 : F 

11 . 

Stack ( Top ) 

192.169.0.0:{-1,F } 255.255.255.255:{-1,-1 ) 

US 11,258,707 B1 

Smaller 

FIG . 8BG 



895 
3 

Input : Sorted route table 
1 1 . 10.0.0.0/8 2 10.10.0.0/16 

10.15.0.0/16 : C 

4 . 11.10.0.0/16 D 
5 . 11.11.0.0/16 
6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 
DONE 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

Output : Interval Table 

Sheet 69 of 140 

2. 10.10.0.0:8 
3. 10.11.0.0 : A 
4 , 10.15.0.0 : 

5. 10.16.0.0 : A 6. 11.0.0.0 : -1 7. 11.10.0.0:D 
8. 11.11.0.0 : E 

9. 11.12.0.0:-1 
10. 192.168.0.0 : F 

Stack ( Top ) 

192.169.0.0:(-1,F } 255.255.255.255:(-1,-1 ) 

11 . 

? 

US 11,258,707 B1 

FIG . 8BH 



3 

Input : Sorted route table 
1 1 . 10.0.0.0/8 

2 10.10.0.0/16 : B 
3 . 10.15.0.0/16 C 

11.10.0.0/16 : D 

5 . 11.11.0.0/16 
6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

Sheet 70 of 140 

Output : Interval Table 
1. 10.0.0.0 : 2. 10.10.0.0:B 3. 10.11.0.0:A 

4. 10.15.0.0 : C 5. 10.16.0.0 : A 6. 11.0.0.0 : -1 7. 11.10.0.0:D 
8. 11.11.0.0 : E 9 , 11.12.0.0 : -1 10. 192.168.0.0 : 11. 192.169.0.0:-1 

Stack ( Top ) 

255.255.255.255,4-1 , -1 ) 

US 11,258,707 B1 

Smaller 

FIG , 8BI 



" ? 3 

Input : Sorted route table 1 . 10.0.0.0/8 A 2 . 10.10.0.0/16 8 
3 . 10.15.0.0/16 : c 4 . 11.10.0.0/16 : D 

5 . 11.11.0.0/16 E 6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

Sheet 71 of 140 

3 

Output : Interval Table 
1. 10.0.0.0 : A 

2. 10.10.0.0:B 
3. 10.11.0.0 : A 4. 10.15.0.0 : C 5. 10.16.0.0 : A 6. 11.0.0.0 : -1 7. 11.10.0.0:D 

8. 11.11.0.0 : E 9. 11.12.0.0 : -1 10. 192.168.0.0 : F 11. 192.169.0.0 : -1 

Stack ( Top ) 

255.255.255.255:-1,-1 ) 

US 11,258,707 B1 

Smaller 

FIG . 8BJ 



3 

Inout : Sorted route table 1 . 10.0.0.0/8 A 2 10.10.0.0/16 3 . 10.15.0.0/16 C 
4 . 11.10.0.0/16 5 . 11.11.0.0/16 

6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 
DONE 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

Sheet 72 of 140 

3 

Output : Interval Table 
1. 10.0.0.0 : A 2. 10.10.0.0 : B 3. 10.110.0 : ? 4. 10.15.0.0 : C 5. 10.16.0.0 : A 6. 11.0.0.0 : -1 7. 11.10.0.0:D 

8. 11.11.0.0 : E 9. 11.12.0.0 : -1 10. 192.168.0.0 : 11. 192.169.0.0 : -1 

Stack ( Top ) 

255.255.255.255,4-1 , -1 ) 

US 11,258,707 B1 

? 

FIG . 8BK 



899 3 

Input : Sorted route table 
1 . 100.0.0 / 8 

A 

2 10.10.0.0/16 3 . 10.15.0.0/16 C 
4 . 11.10.0.0/16 5 . 11.11.0.0/16 

6 . 192.168.0.0/16 F 

U.S. Patent 

Next Prefix 
DONE 

Feb. 22 , 2022 

Floor ( Prefix ) 

Ceiling ( Prefix ) +1 

Sheet 73 of 140 

* A 

Output : Interval Table 
1. 10.0.0.0 : A 2. 10.10.0.0:8 

3. 10.11.0.0 : A 4. 10.15.0.0 : C 5. 10.16.0.0 : A 6.11.0.0.0 : -1 7. 11.10.0.0 : D 8. 11.11.0.0 : E 9. 11.12.0.0 : -1 10. 192.168.0.0 : F 
11. 192.169.0.0:-1 12. DONE ! 

Stack ( Top ) 

255.255.255.255 , -1 , -1 ) 

US 11,258,707 B1 

Smaller 

FIG . SBL 



Tree Structure 

U.S. Patent 

9003 

11.0.0.0/8 

Feb. 22 , 2022 

10.0.0.0/8 

12.0.0.0/8 

} 

11.11.0.0/16 

11.10.0.0/16 

11.12.0.0/16 

Sheet 74 of 140 

he 

11.11.11.0/24 

1 

US 11,258,707 B1 

FIG . 9A 



Interval Binary Search Tree 

U.S. Patent 

910 
? } 

11.0.0.0 : ( -1 ) 

Feb. 22 , 2022 

192.168.0.0 : F 

10.0.0.0 : A 

10.15.0.0 : C 

11.11.0.0 : E 

192.169.0.0 : ( -1 ) 

Sheet 75 of 140 

N = -3 

10.11.0.0 : A 

10.16.0.0 : A 

11.10.0.0 : D 

11.12.0.0 : ( -1 ) 

NH = 3 

NH = A. 

NH = A 

NHD 

US 11,258,707 B1 

FIG . 9B 



Push Data to Exterior Nodes of Interval Binary Search Tree 

U.S. Patent 

} 

X ; NH ? 

XS 

X 

- - - 

11.0.0.0:(-1 ) 

Feb. 22 , 2022 

? < 

? < 

NH = 3 

10.10.0.0 : B 

192.168.0.0 : F 

NHOF 

do 

NH 

X5 

Xs 

? < 

X 

X 

< X 

10.15.0.0 : C 

10.0.0.0 : A 

11.11.0.0 : E 

192.169.0.0:(-1 ) 

Sheet 76 of 140 

NH = 8 

NHA 

NHC 

- - - 

?? : ? 

NH 

NH . 

? < 

X 

X 

X 

< X X 

10.16.0.0 : A 

< X X 

11.10.0.0 : D 

10.11.0.0 : A 

11.12.0.0:(-1 ) 

NHÓC 

NH - 1 

NH - E 

NH = - 

NH - AY 

NHOA 

NH = 3 

US 11,258,707 B1 

FIG . 10A 
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